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TOM TAT

Tép hiru ich cao 1a mot trong nhirng khai niém quan trong trong bai toan khai thac tap myc. Nhim
khic phuc sy mat can dbi vé do hitu fch gitra cac phan tir trong tap muc, khai niém d6 hitu ich trung
binh d3 dugc dé xuét. Tuy nhién, mot ) tap muc dat do hitu ich trung binh cao van tdn tai muc tuong
quan thap giira cac phan tir, lam giam gi trj trong qua trinh phan tich kinh doanh. Dé khic phuc han
ché nay, bai bao dé xuat phuong phéap khai thac tap hitu ich trung binh cao c6 xét dén yéu té tvong quan
thong qua thuat toan CHAU (Correlated High Average Utility). Nghién ctru tip trung cai tién cong thirc
tinh gia tri chan trén cia do hitu ich trung binh nham ting kha ning tia (mg vién, tir 6 nang cao hiéu
suét xir Iy cia thuat toan. Két qua thyuc nghiém so sanh voi phuwong phép tién tién hién nay 1a thuat toan
CoHAI trén cac b¢ dir li€u c6 dac trung thua va day khac nhau nhu Chainstore, Kosarak, Retail,
Accident, Mushroom va Chess cho thiy phuong phép dé xuét dat hiéu nang t6t hon xét trén ca thoi gian
thue thi va muc tiéu thy bd nhé.

Tir khéa: D6 do twong quan, tap hiru ich trung binh cao tuong quan, khai thac CoHAU, rang budc tuong
quan trong tap muc, ngudng d¢ hiru ich toi thicu.

1. MO PAU

Trong linh vuc kinh doanh, viéc phat hién cdc tri thirc tiém an tir dit liéu ban hang c6 vai trd quan
trong trong viéc hd tro nha quan tri xay dung chién lugc va Iya chon phuwong an diéu hanh phu hop.
Mot trong nhitng huéng tiép can phd bién nham khai thac cac thong tin cé gia tri tir dir liéu giao dich la
bai toan khai thac tap hiru ich cao (High Utility Itemset — HUI). Nhitng nghién ctru ban dau vé van dé
nay c6 thé ké dén thuit toan Two-Phase [1] do Liu va cac cong su gidi thidu vao nim 2005, sau d6
nhiéu phuong phap tiép tuc dwoc phat trién nhu UP-Growth [2], HUI-Miner [3], FHM [4], FHN [5],
EFIM [6] va HMiner [7]. Mic du cac phuong phap HUI mang lai lgi ich déng ké trong phan tich dit
liéu kinh doanh, cac tdp mat hang c6 su chénh 1éch 16n vé gid tri hitu ich gitta cic phan tir thuong khién
cac myc ¢6 muc hiru ich thap tro nén kém gia tri, tir 46 1am giam higu qua phan tich. Dé khic phuc tinh
trang mat can ddi nay trong tap két qua, gia tri o hitu ich cua tip muc duoc xem xét dudi dang trung
binh. Trén co s¢ do, nhiéu phuong phap khai thac tap hitu ich trung binh cao (High Average Utility
Itemset — HAU) da duoc dé xuét, tiéu biéu nhu HAUP- Growth dua trén céu trac céy [8], cung vdi cac
thuét toan MHAI [9] va HAU-Miner [10] st dung cu trac Utility-List. Cach tiép can nay gop phan han
ché hién tuong mét can bang vé hiru ich giira cic phan tir trong tap muc. Tuy vay, trong két qua khai
thac van xuét hién nhitng tdp muc ma muc lién hé giira cac phan tir chwa du chat ch&, gay anh hudng
dén qua trinh phan tich dir liéu. Nam 2020, Sethi va cc cong su da gioi thidu thuat toan CoHAI [1 1],
cho phép khai thac cac tap hiru ich trung binh cao dong thoi xét dén mirc d6 twong quan giita cac phan

tur trong tap muyc (Correlated High Average Utility itemset — CoHAU). Tuy nhién, hiéu nang xu ly cua
phuong phap nay van con han ché. Trong nghién ctru nay, thuat toan CHAU dugc dé xuat nham cai
thién hiéu suét khai thac cac tap htru ich trung binh cao c¢6 xét dén yéu t6 twong quan. Piém dong gop
chinh cta nghién ctru 1a viéc diéu chinh cach xéc dinh gia tri hitu ich trung binh cuc dai (MAU) két hop
v6i nhidu chién luge cit tia hidu qua, qua d6 nang cao hi€u nang thyc thi cia thuat toan. Két qua thuc
nghiém so sanh v&i CoHAI cho thiy CHAU dat két qua t6t hon vé ca thoi gian xir Iy 1an dung lwong b
nhd tiéu thy.
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2. CAC CONG TRINH LIEN QUAN

Céc nghién clru vé khai thac tap hiru ich cao da mang lai nhiéu tmg dung thyc tién, dic biét trong
phan tich dit li¢u kinh doanh. Nhitng phuong phép nay cho phép rit trich tri thire tir cac tap dir liéu quy
mo 16n vé6i hidu sudt xir Iy ngay cang duogc cai thién. Thuét toan Two-Phase [1] duoc gidi thi¢u vao
nam 2005 thyc hién khai thac tap hitu ich cao dua trén hai budc xir Iy. Bude dau quét co so dir lidu
nham xac dinh tap Gmg vién, sau d6 quét 1an hai dé xac dinh nhimng tap muc thuc sy dat ngudng hiru ich
cao. Viée xir Iy dir lidu qua hai budc khién phuong phap nay kém hiéu qua khi ap dung trén cac tap dir
lidu 16n. Bén nam 2012, Liu va cong su gidi thidu cau trac Utility-List va thuat toan HUI-Miner [3] cho
phép khai thac tap hitu ich cao chi trong mot pha gitp cai thién dang ké téc do xir y. Utility-List sau do
tro thanh nén tang cho nhidu thuét toan mot pha dugc dé xuét tiép theo. Nam 2014, Fournier-Viger dé
xuét chién lugc tia méi voi céu tric EUCS cung voi thuat toan FHM [4] da cho ket qua thyc thi vuot
troi hon HUI-Miner trén cac co so dir liéu thua. Dén nam 2016, nhom tdc gia nay tiép tuc mo rong FHM
bang phién ban FHM+ [12], bd sung thém rang bugc vé kich thudc tip muc trong qua trinh khai thac.
Niam 2017, Zida va cong su ap dung co ché chiéu dir lidu giao dich két hop phuong phéap gop trong
thuét toan EFIM [6], chirng minh dugc hiu qua cao trong viée tim kiém tap HUI. Tiép do6, thuat toan
HMiner [7] duoc d& xuét boi Krishnamoorthy cho Kkét qua vuot troi hon so vai cac thudt toan trude day.
Thuét toan sir dung céu triic dir liéu mdi CUL két hop nhiéu chién lugc cit tia, gitp giam dang ké khong
gian tim kiém trong qué trinh khai thac.

Song song v&i huéng nghién ctru trén, nhiéu cong trinh dd mo rong bai toan HUI theo cac hudng
tlép can khac nhau, trong d6 viéc khai thac tap hiru ich trung binh cao da duoc nghién ciu nham han
ché tinh trang mit can dbi vé& d6 hiru ich giita cac muc trong tap két qua, qua do hd trg viéc phan tich
va danh gia dir liéu chinh xac hon. Nam 2009, Hong va cong sy dé xuat phuong phap khai thac tap muc
¢6 hiru ich trung binh cao [13], tuy nhién phwong phap nay van str dung co ché hai pha twong tw Two-
Phase nén hiéu qua thyc thi con han ché. Dén nam 2010, thuat toan HAUP-Growth dugc gidi thiu boi
nhom tac gia Lin va cong su, hoat dong duya trén cau trac cay HAUP-tree [8] dé to chtre Iuu trit thong
tin trong qua trinh khai thac HAU. Nam 2016, nhom tac gia tiép tuc dé xuat HAUI-Miner [14] dua trén
Utility-List dé tim tap hitu ich trung binh cao trong mt 1an quét dit liéu, do thuc thi trén mot pha nén
hiéu sut thyc thi t6t hon so véi HAUP-Growth. Nam 2017, thuat toan MHALI [9] duoc gidi thiéu voi
chién lugc cit tia sir dung gid tri hiru ich trung binh cyc dai (MAU) trong giao dich, gitp thu hep dang
ké khong gian tim kiém. Sau d6, ndm 2021, Pham va cong sy [10] cai tién cong thirc tinh MAU va
chirng minh hiéu qua cta phuong phép trong thuc nghiém.

Nham ting muc d6 lién hé giita cac muc trong két qua khai thac, tinh tuong quan dugc Gan va
cong su [15] gisi thidu két hop véi bai toan khai thac tap hiru ich cao dé khai thac tap hitu ich cao tuong
quan. Tiép d6, nhom tac gia cai tién phuong phap bang viéc sir dung Utility-List va phat trién thuat toan
CoUPM [16]. Nam 2020, thuat toan CoHUI-Miner [17] duoc gi6i thiéu nham két hop phuwong phap
chiéu dir liéu cung nhiéu ky thuat cét tia da cai thién déng ké hi¢u suét xur 1y trong bai toan khai thac
HUI ¢6 xét tuong quan. Gan day, Seth1 va cong su da két hop yéu té trong quan véi phuong phap tinh
hiru ich trung binh cao, tir d6 dé xut thuat toan CoHAI [11] dwa trén Utility-List va d6 do Kulc dé tim
céc tdp muyc hitu ich trung binh cao c6 tuong quan (Correlated High Average Utility Itemset — CoHAU).

3. PINH NGHIA VA KY HIEU

Mot co s& dir lidu giao dich dugc ky hiéu D gdm tap hop cac giao dich T 7 voij € {1,..,N} va
mot tap I chira m muc phan biét trong D. Mdi giao dich T; chira t muc {xl,xz, v, Xe } VOi X € I duge
trinh bay trong Bang 1. Mét muc x, € T ¢6 do hitu ich la U(xt, 7}) = p(x,) * q(x¢, Tj) voi p(x,) 1a loi
nhuén (profit) cia mit hang x, va q(x;, T;) 1a so lugng cua x; trong giao dich T;. Mot tdp muc X < T;
¢6 do hitu ich U(X,T;) = Yrexnxer;U(x, Tj). Trong toan by co s¢ dir liéu D, U(X) =
ZXQT].,\T].ED U(X,T;). Vi du dya vao co s¢ dir liéu D (Bang 1), muc a trong T; c6 d6 hiru ich 1a
U(a,T;) =p(a) *q(a,Ty) =26 =12. Tap muc {a, b} c¢6 d6 hitu ich U({a,b}) = U({a,b},T;) +
U({a, b}, T,) + U{a,b}, Ts) = 28 + 14 + 14 = 56.

Dinh nghia 1. D) hitu ich cuc dai (Maximum Utility - MaxU) trong mét giao dich T; 1a d6 hitu
ich ctia mot muc x, € T; co gia tri lon nhat so voi do hitu ich cua cac muc khac trong ., ky hiéu
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MaxU(T;) = max {U(x,, T;)} [9]. Vi du xét T3 € D (Bang 1), MaxU(Ts) = max{U(c, T5), U(d, T),
U(e, T3)} = max{30, 6,3} = 30. Gia tri MaxU ctia cac giao dich duoc trinh bay & cot 3 trén Bang 1.
Dinh nghia 2. D) hitu ich trung binh cta tdp muc X = {x, X, ..., X, } trén mét giao dich T; ky
higu AU(X, ;) = ““2. Bg hiru ich trung binh cita X trén D ky hiéu AU(X) = Sxer, ar,ep AU(X, T;)
[9]. Vi du xét tp muc {a, b} € Ty, AU({a, b}, T,) = M = 2 = 14. D¢ hitu ich trung binh cia {a, b}
trén D c6 gia tri AU({a, b}) = AU({a, b}, T,) + AU({a, b}, T,) + AU({a,b},Tg) =14 +7 +7 =28
Bang 1. Co s¢ dit liéu giao dich D

TID Giao dich Maximum Utility (MaxU)

1 (a,6) (b,4) (c,1) (d,6) 16

2 (b,5) (d,4) (f.2) 20

3 (c,6) (d,3) (e,]) 30

4 (a,5) (b,1) (d,6) 12

5 (a,2) (c,1) (d,2) (e,3) (f4) 9

6 (a,3) (b,2) (¢,2) (d,5) (e,3) 10

7 (a,5) (c,4) (d,6) (e,2) 20

Bang 2. Gia tri lgi nhuan

Muc a b c d e f
Lot nhuin 2 4 5 2 3 1

Dinh nghia 3. Tap muc Y duoc goi 14 tap hitu ich trung binh cao (HAU) néu AU(Y) = minUtil
[9], v6i minUtil 12 ngudng to6i tieu cua d6 hitu ich. Vi du Vi minUtil = 30 thi tdp muc {a, b} khong 1a
HAU vi AU (ab) = 28 < minUtil = 30.

Dinh nghia 4. Chan trén cta d¢ hiru ich trung binh cta tdp muc X trong D duoc dinh nghia la
UB(X) = ZXQT]. MaxU(Tj) [9]. Gia tri UB cua cac muc x;, € I dugc trinh bay trong Bang 3.

Chién lwoc tia 1. X6t Y 1a tap duoc mé rong tir tap X. Néu UB(X) < MinUtil thi moi tap Y déu
khong phai tap HAU. Khi d6 X s€ bi cat tia khoi khong gian tim kiém. Truong hop X 1a tdp myuc mot
phan tr x;, € I thi x;, s€ bi loai khoi D [9]. Vi du UB(f) = MU(T,) + MU(Ts) =20+9 =29 <
minUtil = 30 nén f s€ bi loai bo khoi D.

Dinh nghia 5. S6 giao dich chira tap muc X trong D dwoc goi 1a do hd trg cia X, ky hiéu SUP (X)
[17]. Vi du xét tap muc {c,d}, ta c6 SUP(cd) = 5 vi {c, d} xuat hién trong ca 5 giao dich 1a Ty, T, T,
Te, T,. Bang 3 trinh bay d6 ho trg cia cdc muc mdt phan tir.

Bdang 3. Po hd trg (SUP) va chin trén (UB) cac muc don

Muc a b [ d e f
SUP 5 4 5 7 4 2
UB 67 58 85 117 69 29

Bdng 4. Co s¢ dit liéu D duoc sp thir ty va loai boé muc f

TID Giao dich MU
1 (b.4) (a,6) (c,1) (d,6) 16
2 (b,5) (d,4) 20
3 (e,1) (c,6) (d,3) 30
4 (b,1) (a,5) (d.6) 12
3 (e,3) (a,2) (c.1) (d,2) 9
6 (b.2) (e,3) (a,3) (¢.2) (d,5) 10
7 (e,2) (a,5) (¢.4) (d,6) 20

Dinh nghia 6. Xét x;, x; € 1, néu SUP(x;) < SUP(x;) thi x; duge sp thi ty ding trude x; trong
thir tu toan phan cta cac muyc trong D, ky hiéu x; < X;. Néu SUP(x;) = SUP (x;) thi tinh theo thur tu
Alphabet [17]. V6i gia tri SUP cua cac muc trong Bang 3 thi thtr tu caic muc trong D 1a f < b <e <
a < ¢ < d. Sau khi sép thr ty cdc muc va loai bo muc f trong D (vi vi UB(f) < minUtil) thi dugc co
0 dir liéu mai nhu trong Bang 4.
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Dinh nghia 7. Xét tap muc X = {x,x,, ..., X}, mic d6 tuong quan giira cac phan tir trong X ky

A _SUP) [ 1 1 . L
hiéu kulc(X) = p (SUP(xl) B SUP(Xk)). Trong d6, kulc(X) [0,1] [15] Nhing tap

mye mot phin tir s& c6 gid tri kule = 1. Vi dy kule(bc) = 2 (= o (C)) =2(5+3) =045

Tinh chét. Xét tap muc Y mo rong tir X, ta c6 Kulc(X) >= Kulc(Y) [15]. Vi du xét tap muc

A oA 5 __ SuP(bcd) 1 1 1 _2f(1, 1 1y __

{b, c,d} 1a tdp m& rong cua {b, c}, Kulc(bcd) = . (SUP(b) + SUrE® + SUP(d)) =3 (4 +o+ 7) =
0,39 < Kulc(bc) = 0,45.

Chién lwgc tia 2. Néu Kulc(X) < minCor thi moi tdp ¥ mé rong tir X déu c¢6 Kulc(Y) <
Kulc(X) < minCor (Tinh chat trén) nén diing mé rong véi tdp X [16]. Vi du véi minCor = 0,5 thi
tap muc {b, c} c6 Kulc(bc) = 0,45 < minCor = 0,5 nén diung m& rong tur tap {b, c}.

Dinh nghia 8. Xét X 1a mot tap muc, néu kulc(X) >= minCor va AU(X) >= minUtil thi X 1a
tap hftu ich trung binh cao c6 tinh twong quan [11]. Trong d6, minCor € [0,1] 1a ngudng twong quan
toi thiéu va minUtil 1a ngudng d6 hitu ich t6i thiu. Vi du xét tip muc {c, d} trong D (Bang 4) co
AU(cd) = 57, Kulc(cd) = 0,86. Véi gia trj ngudng minCor = 0,5 va minUtil = 30 thi {c, d} 1a tap
hitu ich trung binh cao ¢6 tinh twong quan.

Dinh nghia 9. Xét tp muc X  T;, mot muc y duge goi la phia sau X ky higu X <y néu Vx; €
X, x; < y theo thir tu toan phan trinh bay trong Dinh nghia 6. D6 hiru ich 16n nhat phia sau X c T; ky
hiéu MRU(X,T;) = Max{U(y)|X <y v&i y €T;} [9].

Vi du xét tap muc {b,a} c Tg¢ € D (Bang 4), c6 {b,a} < c va {b,a} <d. MRU(ba,Tg) =
Max{U(c,T),U(d,Ts)} = Max{10,10} = 10.

4. THUAT TOAN PE XUAT

4.1. D) hiru ich trung binh 16m nhét
Trong bai toan khai thac tép hitu ich trung binh cao, gié tri d¢ hiru ich trung binh l6n nhit c6 anh
huong 16n dén ket qua khai thac. Gia tri nay cang nho thi kha nang cat giam khong gian tim kiém cang
tot dan dén hiéu suat thyc thi cua thuat toan cao hon. Do d6, cac cong trinh r}ghién clru vé khai thac
HAU da dua ra nhiéu d€ xuat véi cong thuc tinh gia tri ndy mot cach toi wu nhat c6 the.
Dinh nghia 10. Mot muc y dugc goi la vuot troi so véi tip muc X < T; néuX < yvaAU(X,T)) <
Uy, T). S6 muc vuot trdi tap X ky hiéu S(X, T;). Vi du: Xét giao dich T, € D ¢ Bang 4, Véi tap muc {b, e},
ta co AU (be, Ts) = 8,5. Nhimg muc phia sau {b, e} gdbm a,c va d (vi {b,e} < a,{b,e} < c, {b,e} < d),
U(a,Tg) = 6 < AU(be, Tg) = 8,5 nén a khdéng phai 1a mot muc vuot trdi tap {b, e} trong Ty, U(c, Ty) =
10va U(d, Tg) = 10 déu 16n hon AU (be, Tg) = 8,5 nén ¢ va d 1a cdc muc vugt trdi tip {b, e}. S6 phan
tir vuot trdi tap {b, e} trong T 1a S(be, Ty) = 2.
Dinh nghia 11. D hitu ich trung binh 16n nhat cua tap muc X < T; ky hieu MAU(X, T).
U(X,Tj) + MRU(X,T}) * S(X,T})
X1 +SK.T)
MAU(X,T;) ={ UX.T)) + MRU(X,T))
[X]+1
0, MRU(X,T;) = 0

néu AU(X,T;) < MRU(X,T))

néu AU(X,T;) = MRU(X,T;) > 0

Do hitu ich trung binh 16n nhét cua tap muc X trong toan b co s dir li€u D dugc dinh nghia MAU (X) =
Lxcrjen MAU(X,T).

Xét tap myc Y phia sau tdp muc X trong T; nghiala X < Y. Khi m¢ rong tap muc X thanh XY, thi AU(XY, T;)
co thé tang so voi AU(X,T;) néu nhu AU(X,T;) < MRU(X,T;) va ¢6 nhimg phan tit yeY'cY véi
U(y,T;) > AU(X,T;).Giatri AU (XY, T;) sé tang cuc dainéu U (y) = MRU (X, T;). Mackhéc, |Y’] < S(X)
nén AU(XY,T;) < MAU(X,T;). Trudng hop AU(X,T;) = MRU(X,T;) thi moi phan tir yeY déu co
U(y,T;) < AU(X,T;) nén AU(XY, T;) c6 xu huéng gidm so voi AU(X, T;). Gid tri AU (XY, T;) dat cyc dai
khi vy eY,U(y,T;) = MRU(X,T;) nhung MRU(X, T;) < AU(X,T;) nén AU(XY,T;) < MAU(X, T;).
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Vi du: Xét tap {b, e} c Tg trong co s dit liéu D & Bang 4, MRU (be, Tg) = 10 > AU(be, Tg) = 8,5,

S(be,Ty) = 2 nén MAU (be, T) = Z2Inti el S0ele) . 222 — 9,25 13 dd hitu fch trung binh
e

16n nhat khi mo rong tr {b,e} c T,. Nhimng tip c6 thé mo rong tr {b,e} trong T, la
{b,e,a},{b,e,c},{b,e d},{bea,c}{be ad}{b,e a c d}. Do hiu ich trung binh clia cac tdp nay co
gia ti nhu sau: AU(bea,Tg) = 7,67,AU(bec,Tg) =9, AU(bed, Tg) = 9,AU(beac,Tg) =
8,25,AU(bead,T,) = 8,25, AU(beacd, T,) = 8,6.

C6 thé thay rang MAU (be) ludn 1én hon AU ciia cac tip md rong tr {b, e}. Do do néu MAU (be) < minUtil
thi moi tip mé rong tir {b, e} s& b loai bo khoi khong gian tim kiém ma khong can phai mé rong.

Chién luge tia 3. Xét tip muc X trong D, néu MAU (X) < minUtil thi V'Y mé rong tir X déu c6 AU(Y) <
MAU(X) < minUtil nén Y khong phai la tap CoHAU [11]. Vi du: MAU(be) = 9,25 < minUtil = 30
nén moi tp mo rong tir {b,e} nhu {b,e,a},{b,e,c},{b,e,d},{b,e a,c},{b,e a,d} {b,e, a,c, d}du
khong phai CoHAU .

Nghién ctru nay cai tién phwong phép tinh gia tri MAU trong truong hop AU (X , T-) < MRU(X,T;)
bang viéc st dung gié tri (X, T;) thay cho gia tri mn(X) trong thuat toan MHALI [9] va gié tri ri (X, T;) trong
thuét toan HAU-Miner [10]. Trong d6 mn(X) la chiéu dai 16n nht ciia phan giao dich phia sau X xét trén cac
T, o X,ri(X,Tj) la chiéu dai ctia phan giao dich T; i phiasau X, S(X,T;) la chiéu dai ctia phan giao dich T; sau
X nhung chi xét nhitng phan x; €Tj co U(x;, T) 2 AU(X,T;).Dodotaco S(X,T;) <ri(X,T;) < mn(X)
va tuong tu cho dg hitu ich trung binh 16n nhat MAU ¢y ay < MAUy 4y —mtiner < MAUyya;-

Vidu: Xéttap {b, e} T, thi S(be, Tg) = 2, ri(be, Tg) = 3, mn(be)=3, MAU -y 4y (be, Tg) = 9,25,
MAUy 4y -miner (be, Te) = MAUyy(be, Tg) = 9,4.

Trong thuat toan CoHAI [11], Sethi va cOng sy d& xuét cach tinh chan trén do hitu ich trung binh ctia tap
muc X < T; thay cho MAU (X, T;) bang cong thrc:

lub(X, T-) = U(X'Tj)H)T;MRU(X'Tj) (XT ) + MRU(X, T) Ta c6 gia tri lub(X, T) ludn 16n hon gia

tri MAU(X, T-) trong moi truong hop gia tri ciia MRU(X, T; ) Do d6 chién lugce tia dwa trén MAU s& hiéu
qua hon chién luoc tia dua trén lub.

U(X T])

Chimg minh: Ta c6 lub(X, T;) = + MRU(X,T;) [11]

Xét cac truong hop cua cong thuc tmh MAU (X , T-) trong Dinh nghia 11:

Truomg hop 1: Véi MRU(X,T,) = 0, ta c6 MAU(X,T;) = 0 < lub(X,T;) = "(X Tf) ()
. ) _ _ , N U(X,Tj)+MRU(X,T]) _UXT) | MRU(XT))
Trudong hop 2: AU(X, T;) = MRU(X,T;) > 0, c6 MAU(X,T;) = T = et

u(xTj) U(XTj)  MRU(XT;) U(X,Tj) = MRU(XTj) U(X,Tj)_l_

vi < MRU(X,T;) nén
e X141 Xt X+ X1
MRU(X,T;) hay MAU(X,T;) < Lub(X,T;) (2)
Trudng hop 3: AU(X, T;) < MRU(X, T)), ta cé:
MAU(X,T;) = SRS _ZEIDy MRU(X,T)) « o
IX|+S(X.T ;) [X|+SX.T ) IX[+S(X.T))
_s@r) stxr)
Rseery < 1do @6 MRU(X,T;) |X|+S(XT 5 < MRU(X,T;).
Mo khio 20D DT o DT gy gy o ST 00T
IX|+5(X,T}) x| IX|+s(X,T}) XI+5(X.T}) ]

MRU(X,T;) hay MAU(X,T;) < Lub(X,T;) (3)
Tu (1), (2) & (3) suyra MAU(X, T;) < lub(X,T;) v6i moi gié tri cia MRU (X, T}).

U(be T6)

Vi du: Xét thp {b,e}cT,, ta cb& lub(be,Tg) = + MRU(be,Tg) =85+ 10 =185 >
MAU(be, T,) = 9,25.C6 thé thay rﬁr}g cong thie tinh MAU chung t0i d& xuat c6 gia tri MAU nho hon dang
ké so véi gia tri lub nén kha ning tia tot hon, dan dén nang cao hiéu suét khai thac tap muc.
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4.2. Céu tric dir liéu C-List

Dé phu hop v6i bai toan khai thac tap CoHAU, chung t6i d& xuat céu trac C-List cai tién tir cu triic
Utility-List [3]. Trong d6, moi bo trong C-List cia tdp muc X gom c6 bon thanh phan <
Tid, U(X), MRU(X), Pos > véiTid lagiao dich T; © X, U(X) la gid tri d0 hitu ich cia X, MRU (X) 1a d¢ hitu
ich 16n nhét sau X. Gié tri Pos duoc ding dé tinh S(X, T;) trong cong thirc tinh MAU (X) (Dinh nghia 11).

Tap {b} MAU=46,8 Tap {e} MAU=54,2  Tap {a} MAU=53 Tép {c} MAU=57 Tap {d} MAU=0

Tid | U MRU/Pos  Tid| U [MRU[Pos| |Tid U [MRU[Pos| |[Tid|[ U [MRU Pos| [Tid| U MRU|Pos
116 12 | 1 313 301 112122 1[5 [12 3 1 12 0 4
228 |1 5.9 5 1 4 (10122 3 /3|6 2 28 o2
4 4 12 1 6 9 10 2 54|52 5|54 3 3/6 03
6 8 10 1 7 6 20 1 6 | 6 103 6 /10|10 | 4 4 (12 0|3

7 (10 |20] 2 7 20|12 3 s 4 0|4
‘ 6 /10 0|5
7 12| 0| 4

Tip{be} MAU=925 Tip{ba} MAU=30,5 Tip{bc) MAU=20,3 Tip{bd} MAU=0
Tid | U MRU[Pos | Tid| U [MRU[Pos| [Tid| U [MRU[Pos| |Tid| U [MRU] Pos
6 |17 | 10 | 2 128 12 2 121123 1[28] 0] 4

4 |14 12 2 6 |18 |10 4 2 (28| 0 2
4 16| 0 3
6 18/ 0 5

‘ 6 14 |10 3

Tap {b,e,a} MAU=8,6 Tép {b,e,c} MAU=9,25 Tép {b,e,d} MAU=0
Tid | U MRU| Pos Tid U |MRU| Pos Tid | U |[MRU| Pos
6 23 | 10 3 6 27 | 10 4 6 27 0 5

Hinh 1. Danh sach C-List mé rong ba cp

Hinh 1 trinh bay danh sach C-List m¢ rdng ba cép duogc tao tu co s¢ dit liéu D ¢ Bang 4. Cac C-
List mot phan tir (Cap 1) dwoc sip xép tir trai sang phai dua trén thr tw toan phan ciia cac muyc trong co
so dit liéu D. Trong danh sach nay, muc f bi loai bo vi co UB(f) = 29 < minUtil = 30. Viéc md rdng
tap muc dugc thyc hién bang phuwong phap duyét theo chidu sau. Danh sach C-List cAp mot s& duge
khoi tao 1an dau khi quét co so dit liéu D nhu sau: Xét giao dich Ty = {(b, 4), (a, 6), (¢, 1), (d, 6)}, duyét
1an luot timg muc tir trai qua phai. Xét muc muc (b, 4) tacé U(b,Ty) = 4 * 4 = 16, MRU (b, T;) = 12, phan
tir bt ddu phia sau b 1a phan tir a ¢6 vi tri trong giao dich T; 1a Pos=1, nhu vy bo <T;, 16,12, 1> dugc thém
vao C-List b. Tuong tu cho cac muyc khac trong giao dich T; . Léan luot duyét qua tat ca cac giao dich T} con lai
trong D s€ dugc danh sach C-List nhu trong Hinh 1.

Danh sach C-List cip k (k>1) dugc thuc hién bang cach két hop cac C-List cap k-1 theo thir tyr tir
trai qua phai. Ddi voi cac C-List cap k=2 thi cac gia tri trong C-List két hop duoc tinh nhu sau: xét Z 1a
C-List két hop tir hai C-List X, Y,tac6 Z.Tid. U = X.Tid.U + Y.Tid.U, Z.Tid. MRU = Y.Tid. MRU
va Z.Tid.Pos = Y.Tid. Pos. Vi du xét Z = C-List {b, e} dugc két hop tir X = C-List {b} va Y= C-List
{e}. Trong hai C-List {b} va {e} chi c6 thé két hop dwoc bo T, vi bd niy xuét hién trong ca 2 C-List. Ta cb
Z To.U=X.Te.U+Y.T,.U=84+9=17, Z.Ts. MRU = Y.T,. MRU = 10, Z.T,.Pos = Y.T,. Pos = 2.
Tacobd <Ty, 17, 10, 2> duge thém vao C-List {b, e} nhu hinh 1. Thuc hién twong tur cho cac C-List khac ¢ cép 2.

Déi v6i cac C-List cap k>2, cach tinh gié tri do hiru ich thuc hién nhu sau: Xét Q 1a mot C-List tién t6 &
cap k-1, X va Y 1a hai C-List dang két hop & cép k, Z 1a C-List két hop X va Y. D¢ hitu ich cia céc bo trong Z
duoctinhlaZ.Tid. U = (X.Tid.U + Y.Tid.U) — Q.Tid. U. Cac gia tri con lai nhu MRU, Pos dugc tinh
tuong tw nhu cip k=2. Vi du: Xét X=C-List {b, e} va Y=C-List {b, a} co tién t& Q=C-List {b}, Z=C-
List {b, e, a} 12 két qua sau khi két hop C-List X va C-List Y. Ta c6 Z.Ts. U = (X.Te. U + Y. T(. U) —
Q.Te.U =174 14 —8 = 23, Z.Ts. MRU = Y.Ts. MRU = 10, Z.T,. Pos = Y.Ts. Pos = 3. Nhu vay,
mot bo < Tg, 23,10, 3 > duoc thém vao C-List Kkét hop. Céac C-List tiép theo dugc thuc hién tuong tu
dé dugc danh sach C-List cap k=3.

4.3. Thuit toan dé xuit

Chung t6i dé xuét thuat toan CHAU (Correlated-High Average Utility) dé khai thac tap CoHAU.
Pau vao cua thuat toan gém mot co s¢ dit liéu giao dich D, ngudng minUtil va minCor. Paura la tap
CoHAUSs chtra céc tap hitu ich trung binh cao c6 tinh twong quan. Budc déu, tinh cac gia tri UB va dd
hd trg SUP cho timg muc don x trong D (Dong 1) dong thoi kiém tra diéu kién néu UB (x) > minUtil
thi thém x vao tap muc J, nguoc lai loai muc don x khoi D. Budce tiép theo, sép xép tap J tang theo do
hd tro Support, dong thoi sip D theo thir tu 7 (Dong 2 va 3). Tai dong 4, mdi muc x € 7 dugc khai tao
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mot C-List tvong tmg. Dong 5 xay dung céu trac EUCS dé tia khong gian tim kiém trong thuét toan
MiningCoHAU trinh bay & dong 6.

Thuit toan CHAU

Pau vao: Co so dit liéu D, ngudng minUtil, ngudng minCor.
Pau ra: Tap CoHAUs (Cac tap hitu ich trung binh cao c6 tinh twong quan).
1. Duyét D lan dau, tinh UB(x) va SUP(x) véi Vxel.
.Tinh 7 = {xe I | UB(x) > minUtil}, néu x & 7, loai x khoi D.// Chién lugc tia 1
. Sép xép tap 7 theo thir ty ting ctia SUP, sdp cic muc x € D theo thir tir ctia J.
. Xay dung C-List cho mdi muc don x € J
. Xay dung cau tric EUCS
. MiningCoHAU(&, C-List, minUtil, minCor, EUCS)

AN B W N

Chién lugc tia 4. Xét ce cap muc don x;, xjel, néu UB(x;, xj) < minUtil thi nging m& rong tap
muc {xl, x]} vi khi d6 tap muc {xl,xj} va cac tdp muc mo rong cua {xl, x]} déu khong 13 tap CoHAU.

Xét co so dit liéu D ¢ Bang 4, cdu trac EUCS duoc khoi tao gdm céc gid tri 1a mot ma tran tam giac
trén v6i EUCS(x,y) = UB(x,y). Vidu: EUCS(b,e) = 10, < minUtil = 50 nén tap {b, e} khong phai
la CoHAU va dirng mé rong voi tap {b, e}.

e a c d

b 10 38 26 58
e 0 39 69 | 69
a 0 0 55 67
c 0 0 0 85

Hinh 2. Céu tric EUCS

Thuét todn MiningCoHAU c6 dau vao gdm danh sach C-List CLs va mot C-List tién to Q cung voi
ngudng minUtil va ngudng minCor. Pau ra ciia thuat toan 1a tip CoHAUs (céc tap hiru ich trung binh
cao c6 tinh twong quan). Tir dong 1 dén dong 4 thuc hién vong lap for dé duyét qua lan luot cac C-List
Y trong danh sach dau vao CLs. Thyc hién tinh dd hitu ich trung binh va gia tri Kulc cta tdp muc tng
v6i C-List Y, kiém tra néu AU (Y) >minUtil A Kulc(Y) = minCor thi dua Y vao tap két qua CoHAUS.
Dong 5 sir dung chién lugc tia 2 va 3 dé kiém tra tip Y c6 kha ning mé rong hay khong bang cach kiém
tra néu thoa diéu kién kép 1a Kulc(Y) = minCor va MAU(Y) >minUtil thi tiép tuc mo rong. Dong 6
khoi tao tip exCLs dé chira danh sach cac C-List két qua mo rong tir danh sach CLs dau vao. Dong 7
lan luot xét cac C-List Z phia sau Y trong CLs, st dung chién lugc tia 4 bang cach kiém tra néu
EUCS(Y,Z)>minUtil thi goi thuat toan CoHAUConstruct dé két hop hai C-List Y, Z va dwa C-List két
qué vao tap exRLs dugc trinh bay & dong 8,9. Dong 12 tiép tuc md rong khong gian tim kiém bang
cach goi d¢€ quy thuat toan MiningCoHAU.

Thuét toan dé quy MiningCoHAU

Pau vao: Q: C-List lam tién 6, CLs: danh sach cac C-List ¢6 Q 1a tién t, ngudng minUtil, ngudng minCor.
Pdu ra: Tap CoHAUSs (cac tap hitu ich trung binh cao c6 tinh tvong quan).
1. foreach C-List Y in CLs do

2. if AU(Y) >minUtil A Kulc(Y) = minCor then

3. CoHAUs <Y

4. endif

5. if (Kulc(Y) = minCor A MAU(Y) > minUtil) //Chién luoc tia 2 va 3
6. exCLs = J

7. foreach Z in CLs Y < Z do

8. if EUCS(Y,Z)> minUtil then //Chién lugc tia 4
9. exRLs < CoHAUConstruct(Q,Y, Z),

10. end if

11. end for

12. MiningCoHAU (Y, exCLs, minUtil, minCor),

13. endif

14.end for

135



Nguyén Thi Thanh Thdy, Nguyén V&n L&, Manh Thién Ly

Thuat todan CoHAUConstruct ding dé xay dung mot C-List méi tir hai C-List d4 c6, dit liéu dau
vao 14 hai C-List X va Y, mot C-List tién t6 Q va ngudng minUtil. Két qua dau ra 1a C-List Z két hop
giita X va Y. Dong 1 thuc hién gan MAU,, = MAU(X) dé khoi tao gia tri dau tién trong chién lugc tia
LA. Vong lap & dong 2 xét céc bo t, thude C-List X va kiém tra diéu kién néu xuét hién bd t, trong C-
List Y ma t,.Tid = t,.Tid thi tao bo két qua by < ty.Tid, t,.U +t,.U, t,. MRU, t,.Pos >. T
dong 5 dén 9, xét truong hop Q # & nghia 1a C-List dang két hop ¢ mirc k>2, khi d6 tim bd t, € Q sao
cho t,. Tid’ =t,.Tid va giam Ly U mot lugng bé{lg tg-U sau do thén} tyy Va0 ?-List két qua Z. Tir
dong 10 dén 13, thuc hién chién lugng tia LA [7] bang cach kiém tra néu khong ton tai t, e Y c6 cfmg
Tid v6i t, thi giam gia tri MAU, 4 mot luong bang MAU(t,,). Truong hop MAU, < mantll thi tra vé
gia tri @ nghia la ngung két hop va moi tip mé rong tir tip két hop s& khong phai 1a tip CoHAU. Dong
17 tra vé C-List két qua Z sau khi két hop tr X va Y.

Thuit toan CoHAU Construct

Pau vao: Mot C-List Q 1am tién t5, hai C-List can két hop X va Y, ngudng minUtil.
Ra: C-List Z 1a két qua sau khi két hop X va Y

1. MAU,, = MAU(X),

2. foreach t, in X then

3. if(3t,inY saochot,.Tid = t,.Tid) then

4 tyy < < t,.Tid, t,.U +t,.U, t,. MRU, t,.Pos >
5 if Q # & then

6. Timbo t, € Q véit,.Tid = t,.Tid,
7 tyy-U = tyy. U —t,.U,

8. end if

9. Z < tyy,

10. else

11. MAU,, = MAU,, — MAU(t,),

12. if MAU, , < minUtil then

13. return &,

14. end if

15. endif

16. end for

17. return Z,

5. THUC NGHIEM
5.1. Dir liéu thuc nghiém

Chung t6i cai dit thuc nghiém thuat todan CHAU bang ngdn ngit Java, hé diéu hanh Windows 11.
Thiét bj phan ctng 1a méay tinh Dell, model Inspiron 5430, c6 bo nhé RAM 16GB, thong s6 CPU la
Intel Core 17-1360P 2.20 GHz. Dir liéu thuc nghiém la cac bg dir liu giao dich chuén dugc tai tir thu
vién SPMF [18]. Bang 5 m6 ta chi tiét cac co so dir lidu thyc nghiém gdém cac thong tin nhu s lugng
giao dich, s6 cac muc phan biét (I), d6 dai trung binh (A) va d6 day (A4/I) %. Hiéu sut thuc thi cia
thuat toan CHAU dugc danh gia so voi thudt toan co so 1a CoHAI [11]. Hai d¢ do dung dé so sanh la
thoi gian thyc thi (gidy) va mtc d6 st dung b nhé (MB).

Bang 5. Co s¢ dit liéu thuc nghiém

Co so dir liéu S6 lwong giao dich S5 lwong item (I) | P6 dai trung binh (A) | Do day (A/I) %
Chess 3.196 75 37 49,3333
Mushroom 8.124 119 23 19,3277
Kosarak 990.002 41.270 8.1 0,0196
Accident 340.183 468 33,8 7,2222
Retail 88.162 16.470 10,3 0,0625
Chainstore 1.112.949 46.086 7,23 0,0158

5.2. Két qua thuc nghiém
Hinh 3, 4 trinh bay két qua so sanh thoi gian thuc thi (gidy) ctia phuong phap dé xuét khi thyc thi thuat
todn CHAU so voi thudt toan co s CoHAI. Ca hai thuat toan déu thuc nghiém trén cung céc co sé dir li¢u
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va cung gia tri cac ngudng. Cac b dir li¢u dugc chia thanh 2 nhom dua vao do day nhu trong Bang 5. Trong
do, Accident, Mushroom va Chess thudc nhom dir li¢u day, trong khi Chainstore, Kosarak va Retail thudc
nhém dit liéu thua. Vi co sé dit lidu Chess (rat day) thi thuat toan CHAU thuc hién nhanh hon CoHAI trén
ca 3 nguong minCor 12 0,86, 0,78 va 0,7. Cu thé, khi minCor & muc 0,86, thi thoi gian thyc thi cina CHAU
t6t hon CoHAI trung binh 2,5 1an. O mitc minCor=0,78 13 8,7 lan va minCor=0,7 1a 25,8 1dn. Nhu vay véi
cung cac ngudng minUtil, gia tri minCor cang giam thi thuat toan CHAU thuec thi cang vuot trdi hon CoHAI.
Vi Mushroom (c6 d6 day vira), thoi gian thyc thi cua thuat toan CHAU ciing vugt troi hon CoHAI trén moi
gia tri ngudng thiét 1ap ctia minUtil va minCor. O ngudng minCor=0,4, thi thuat toan CHAU chi mat 0,4 gidy
v6i ngudng minUtil=70.000 va 4,5 gidy cho ngudng minUtil = 30.000. Trong khi thuét toan CoHAI can dén
3,8 gidy cho ngudng minUtil=70.000 va 7,5 gidy cho ngudng minUtil=30.000. V&i Accident, tuy c6 do day
thap hon nhung s6 giao dich 16n hon rat nhiéu so véi Mushroom va Chess thi CHAU cho két qua thyc thi
vugt trdi hon thuat toan CoHAI . Tai ngudng minCor=0,68, minUtil=12.000.000 thi CHAU thyc thi chi trong
1,1 gidy, trong khi thuat toan CoHAI t6n 16,2 giay. Khi giam ngudng minCor con 0,62 va minUtil=8.000.000
thi CHAU thyc hién trong 8,2 gidy, trong khi thuat toan CoHAI thyc hién 96,5 gidy. Két qua trén da chimg
to viéc cai tién phuong phap tinh gia tri MAU két hop nhiu chién luoc tia da lam ting dang ké hiéu suit
thyc thi cta thuét toan.

Chess (mincor = 0,86) Chess (mincor = 0,78) Chess (mincor = 0,7)
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—6—CHAU —E—CoHAl
Hinh 3. Béanh gia thoi gian thyc thi trén nhom dir li€u day

Panh gia thoi gian thyc hién trén nhoém cac co sd dit liéu thua nhu Chainstore, Retail va Kosarak (Hinh
4) cho thay thuat toan dé xudt c6 hiéu sut vuot trdi hon so véi thudt toan co so. V6i Kosarak 13 co sé dit liéu
¢6 s6 muyc phén biét va sé giao dich twong ddi 16n, thi thoi gian chay ciia thuat toan CHAU déu it hon CoHAI
trén tat ca cac gia tri minCor va minUtil. Tai ngudng minCor=0,8, minUtil=230.000 thi thuat toan CHAU nhanh
hon 3,3 1an so v&i CoHAI. Khi giam ngudng minCor=0,6, minUtil=190.000 thi thuat toan CHAU thuc thi
nhanh hon thuat toan CoHAI 4,5 1An. Vi Retail, mét co so dir liéu thua co ) giao dich cling nhu ) muc phan
biét & mic trung binh thi thuat toan CHAU ciing chimg to hidu suét tdt hon CoHAI trén moi ngudng thuc
nghiém. Tai ngudng minUtil=10.000 va minCor=0,2, thi thuat toan CHAU thyc thi 0,32 gidy trong khi thuét
toan CoHAI thyc hién trong 3,5 gidy. Tai ngu(mg minCor=0,1, minUtil=2.000, thuat toan C HAU thyc hién
trong 0,67 gidy trong khi thuat toan CoHAI can 27,74 gidy. V6i tap dir liéu 16n, rét thua ciing nhu sé muc phén
biét va s giao dich cao nhat trong sb cc co so dit lidu thuc nghiém nhu Chainstore thi thuét toan CHAU cho
két qua thyce thi vuot trdi hon thuat toan CoHAI. Khi ngudng minUtil va minCor cang gidm thi muc chénh léch
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vé thoi gian chay giita hai thuét toan cang 16n. Cu thé tai ngudng minCor=0,85, minUtil=5.000.000, thuat toan
CHAU thyc hién trong 0,95 gidy so vdi 3,47 gidy cia thuat toan CoHAI. Véi ngudng minCor=0,75,
minUtil=1.000.000, CHAU chi mét 1,42 gidy so véi mirc 62,3 gidy ciia CoHAI. Két qua trén di khing dinh
phuong phap chiing t6i d& xuat c¢6 hiéu suét tot hon dang ké so voi phuong phap ding lam co s dé so sanh, dt
biét vuot trdi trén cac tap dir liéu thua va ngudng cang nho thi thuat toan CHAU thuc hién cang hi¢u qua.

Kosarak (mincor = 0,8) Kosarak (mincor = 0,7) Kosarak (mincor = 0,6)
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Hinh 4. Danh gia thoi gian thuc thi trén nhom dir liéu thua

Hinh 5 danh gia mirc d6 stir dung bd nhd cua hai thuét toan so sanh trén cac tap dir liéu day nhu Accident,
Mushroom va Chess. Két qua cho théy thudt toan CHAU st dung bd nhé it hon thuat toan CoHAI trén ca 3
tap dir liéu nay. béi véi voi tap dir licu Chess, muc do st dung bd nhé cua thudt toan CHAU tai ngudng
minUtil=130.000 va minCor=0,86 1a 121 MB, thuat toan CoHAI sir dung 157 MB. Tai ngudng thip nhat
vé1 minCor=0,7 va minUtil=90.000 thi thudt toan chung t6i dé xuit st dung 188 MB dung lugng bd nhé so
v6i 235 MB dung lugng bd nhd cua thuét toan CoHAI. Tuong ty véi Mushroom, thudt toan CHAU ciing
tiéu tén bo nhd it hon tir 9 MB ¢ minCor=0,6, minUtil=70.000 dén 50 MB tai nguong minCor=0,4 va
minUtil=30.000. Véi tap dir liéu Accident, mic do st dung b nhd cia CHAU cling 5t hon CoHAI trung
binh tir 390 MB tai ngudng minCor=0,68 dén 765 MB tai ngudng minCor=0,62.

Vi céac tap dit liéu thua nhu Chainstore, Retail va Kosarak, mic d9 st dung bd nhé dugc thé hién trong
Hinh 6. Céc tap dit liéu ndy c6 mot sé dic diém twong ddng nhu s giao dich 16n, ching han nhu Retail c6
88.162 giao dich, Kosarak c6 dén 990.002 giao dich, Chainstore 16n nhét véi 1.112.949 giao dich. Ngoai ra
$6 muc khac nhau trong co sé dit li¢u ciing 16n hon nhiéu so vdi cac co sé dir liéu day nhu Kosarak c¢6 41.270
muc, Retail c6 16.470 muc, Chainstore c6 46.086 muc trong khi cac co so dir liéu day co $6 muc cao nhét
chi 468. Do d6 khi sir dung chién lugc tia EUCS trong thuat toan CHAU bang c4u triic mang 2 chiéu din dén
tn bd nhé hon CoHAI & ngudng minUtil va minCor thap. Khi gia tri ngudng ting 1én thi mirc do sir dung
bd nhd cua ca hai thudt toan chénh 1éch khong dang ké. Cu thé trén tap dir liéu Kosarak, khi gia tri minCor
14 0,8 thi bo nhé str dung ciia ca hai thuat toan gan nhu trong dwong o tat ca cac ngudng minUtil. Khi giam
ngudng minCor xudng 0,6 thi mirc d6 sir dung bd nhé cia CoHAI thap hon hon CHAU tir 298 MB dén 466
MB. Thuc nghiém trén Retail cho thiy két qua chiém dung bd nhé giira hai thuat toan khong chénh léch
nhiéu tai hdu hét cac ngudng minCor va minUtil. Ddi véi tap dit liéu Chainstore, do c6 s6 muc 16n nén thuat
toan CHAU s& ton bo nhé hon CoHAI & cac ngudng minCor thp khi t6 chirc cau tric EUCS. Mirc chénh
1énh bd nhd trung binh tir 140 MB & ngudng minCor =0,8 dén 209 MB & ngudng minCor=0,75.
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Hinh 6. Danh gia mtc d6 st dung bo nhd trén nhém dir li¢u thua
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5.3. Thio luan

Trong thudt toan chiing t6i dé xuit, mot s6 diém co thé duoc cai tién t6t hon nhu sau: d6 hiru ich
16n nhat phia sau tap muc X < T; (Maximum Remain Utility - MRU) c6 thé cai tién bang cach iy trung
binh d¢ hitu ich cua hai muc sau X trong T; sao cho d¢ hitu ich cua hai muc nay la cao nhét theo nhu dé
xudt ctia Liu va cong su [19] thay vi chi ldy d¢ hitu ich 16n nhat, khi d6 gi4 tri méi s& nhé hon MRU
hién tai va tuong ty cho gia tri MAU ciing nho hon gia tri MAU hién tai. Tt d6 s€ lam tang hi¢u qua tia
ung vién (Chién lugc tia 3). Mac khéc, trong chién lugc tia dua trén cAu trac EUCS, chung t6i da cai
dit theo cau trac ty nhién 1a dung mang hai chiéu dan dén ton kém bd nhé khong can thiét dé luu trir
céc gié tri 0 trong phan nita tam gidc dudi ciia ma tran EUCS. Néu tap dit lidu c6 sb muc phan biét 16n
thi cang lang phi bo nhé sir dung. Dé cai thién van dé nay, s dung céu trac H-Map dé luu trit s 1a mot
lua chon tdt hon.

6. KET LUAN

Chung t6i di d& xudt thuat toan CHAU dé khai thac tdp CoHAU béng cach cai tién cach tinh gia
tri MAU cho tap muc, mot trong nhitng gia tri ¢ hitu ich chan trén trong chién lwoc tia khong gian tim
kiém. CAu triic C-List duoc sit dung dé td chuc dit liéu trong qua trinh khai thac. Bén canh do, thuat
toan két hop nhiéu chién lugc tia dé nang cao hiéu suét khai thac. Panh gia két qua trén hai do do la
thoi gian thyc thi va bd nhé st dung da ching to thuat toan CHAU c6 hiéu suét tot hon thuat toan so
sanh 12 CoHAI. Trén tit ca cac tap dir liéu thyc nghiém, thoi gian chay cia CHAU déu vuot troi so voi
CoHALI Tuy nhién mtrc d6 st dung bo nhé cia thuat toan dé xuét chi hidu qua hon thuat toan CoHAI
trén nhom céc tap dir li¢u day. Déi véi cac tap dir liéu thua co s6 muc phan biét cao thi CHAU tiéu ton
bd nhd hon CoHAI tai cac gia tri ngudng minCor thap.

Huong phat trién tiép theo 1a nghién ctru giai phap dé giam murc 4o st dung bd nh¢ trén cac tép
dir li¢u thua cd s6 muc phan biét 16n, dong thoi ket hop véi bai toan Top-k dé trich xuat K tap CoHAU.
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ABSTRACT
MINING HIGH AVERAGE UTILITY ITEMSETS WITH CORRELATION CONSTRAINT

Nguyen Thi Thanh Thuy, Nguyen Van Le*, Manh Thien Ly
Ho Chi Minh City University of Industry and Trade

*Email: lenv@huit.edu.vn

High utility itemset is a crucial concept in the itemset mining problem. To address the imbalance
in utility between elements within an itemset, the concept of average utility has been proposed.
However, some itemsets with high average utility still exhibit low element correlation, reducing their
value for business analysis. To overcome this limitation, this paper proposes a method for mining high
average utility itemsets that considers correlation through the CHAU (Correlated High Average Ultility)
algorithm. The research focuses on improving the formula for calculating the upper bound of average
utility to increase candidate pruning capability, thereby improving the algorithm's processing
performance. Experimental results comparing the proposed method with the state-of-the-art CoHAI
algorithm across datasets with varying sparsity and density, including Chainstore, Kosarak, Retail,
Accident, Mushroom, and Chess, show that the proposed method achieves better performance in both
execution time and memory consumption.

Keywords: Correlation measure, correlated high-average utility itemset, CoHAU exploitation,
correlation constraint in itemset, minimum utility threshold.
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